In the paper is presented a heating system installed in church and the interior climate generated. Thermal Comfort is the purpose of each designer, since the design stage and has to be ensure for the churchgoers, but even for the interior finishes. The heating system that uses hydronic radiators is evaluated trough the CFD modelling, in order to evaluate pro and contra arguments. The simulation has been made in a 3d simulation software environment, in Autodesk CFD with good results.
INTRODUCTION
The indoor microclimate that's has been analysed is found in the church of Saint Cross Rising, in the village of Săbăoani, country of Neamț ( Figure 1a ). The church has been built in the years of 2000, on a mixt structure of masonry and columns and girders of reinforced concrete. At the top the church has a dome made from reinforced concrete. The heating system is formed by a hydronic radiator systems and a boiler with the power of 40 kW, that burn wood. The heating systems is mounted on the exterior walls under the windows (Figure 1b ).
Church is formed by a single shape nave, with the opening of 13,5 meters and a total height of 14 meters. Also the total length is of 23 meters, this numbers gives a total heating volume for the church of 3000 m 3 (Figure 2 To create an indoor climate, distinct from the outside one, is the main purpose for almost all buildings and in our case for worship buildings. Also the climate created in the churches provides the thermal comfort for the churchgoers. By controlling the parameters that generate the indoor climate leads to an appropriate and sustainable use of the energy resources with a high costefficiency management. Lambertus, 2002, Sen, 2008 ).
In the current practice of heating systems that lead to the creation of the indoor climate in churches, the technical solution are (Sen, 2008 , Vuerich, 2008 .
In order to understand how we can control the indoor microclimate in the places of worship, there is a need for a physical and also quantitative understanding of the complex interaction that exists between the above mentioned parameters (Varas Muriel et al., 2014) .
MODELLING INDOOR MICROCLIMATE
CFD modelling based on FVM (Finite Volume Methods) has opened the way for solving moment, mass and energy equations. Also, the k-e turbulence model and a standard model to define the wall flow, created the premises for dynamics simulations with a high degree of trust for thermal modelling of the interior climate, air movements etc (Martinez Garrido et al., 2016) .
This paper analyses the hydronic heating of the air volume inside the church. The modelling allowed to identify the airflows patterns that are generated and theirs effect on the interior finishes as well as the thermal comfort of the churchgoers. The interior temperature that the heating system generate inside the interior volume has been evaluate as well (Liu J.et al., 2012 Napp, 2015 .
The church has been evaluated in a 3d environment in Autodesk Inventor, as faithfully as possible based on the construction plans. From Autodesk CFD the building has been exported in Autodesk CFD 2018 for further analysis (Figure 3 .a, 3.b). In this stage has been define the materials for all the surfaces that form the indoor heating volume. For all the surface have been imposed the limit condition. The exterior walls have a thermal resistance of R = 1.8 W/m 2 K and the outside temperature is taken for measurements made outside during winter that has a maximum of T= -18 0 C (Figure 3.c) . Also the discretization have been made at a step of 0.5 meters resulting 4 million of elements (Figure 3.d) . For numerical simulation of the indoor climate as well as for all simulations it is important to reduce numerical errors. Therefore, for volume simulations, meshing refinements were made by minimizing the size of the elements to achieve constant meshing (Baratasz et al., 2007, Torres and Freitas, 2007) .
The transfer equations between the wall and the volume of air is solved by the k-e model equation at the wall, being the scalar equation type (Camuffo et.al. 2014 , Camuffo et al. 2010 ).
CONCLUSIONS
Hydronic heating system works on the basis of natural convection in large proportion (90%). The air enters the bottom, is heated due to the buoyancy phenomenon and it comes out at the top (Figure 4a From the point of view of the internal thermal comfort, the system is efficient when is used without interruption ( Figure 5 a, b, c), but also when the number of radiators is enough and the temperature of the heated volume is homogeneous, especially for small volumes of air.
From visual point of view the hydronic heating system brings discomfort both through the heating bodies and the pipes that are connected to each other and with the boiler.
